. Analysis of σ 38 -interactions with mutant variants of the consensus TEC. (A) EMSA of σ 38 interactions with the -10M and -TG variants of the TEC. The σ 38 subunit was added at different concentrations to pre-assembled TECs containing 5′-labeled RNA (see Fig. 2 for the scaffold structures). Positions of σ-free and σ-bound TECs are indicated. (B) Analysis of σ-dependent pausing on the -TG template at different σ concentrations. Positions of the starting 20-mer RNA, paused 25-mer and full-length (RO) transcripts are indicated with arrows. Apparent K d s for σ-TEC interactions are shown below the gels (means and standard deviations from three independent experiments).
. Visualization of σ 38 binding to the TEC by ExoIII footprinting. (A) Summary of the footprinting results for σ-less and σ 38 -containing complexes in the consensus TEC. Positions of the ExoIII stops on the template DNA strand are shown below the nucleic acid scaffold. The P 32 -label at the 5′-end of the template DNA strand is indicated with an asterisk. Changes in the nucleic acid base-pairing during transcription at the pause site are shown with gray lines. (B) Analysis of TEC activity demonstrate that ≥80% RNA is extended to the expected length (23 or 24-mer) after 30" incubation with NTPs. The experiment was performed under the same conditions as ExoIII footprinting but the TECs contained 5′-labeled RNA instead of labeled template DNA. The reconstituted 20-mer TECs were bound to Ni-NTA-agarose, washed with transcription buffer to remove unbound nucleic acids and incubated with NTPs (C+G or C+G+A for 23-and 24-mer TECs) at 37°C (see Materials and Methods for details). (C) ExoIII footprinting on the template DNA strand in the starting 20-mer TEC or 23-and 24-mer TECs obtained after RNA extension with limited NTP sets either in the absence or in the presence of the σ 38 subunit. The reactions were performed with reconstituted TECs immobilized on Ni-NTA-agarose which allowed to remove excess of DNA and RNA oligonucleotides used during TEC reconstitution prior to footrpinting. Positions of major ExoIII stops are indicated at the left of the gel. "M" is the A+G cleavage marker. Figure S3 . (A) Sequences of the adhE P1 and ecnB P promoters (nontemplate DNA strands are shown). The -35 elements are turquoise; the -10 and -10-like elements are pink and violet, respectively. Consensus sequences of the -35 and -10 elements recognized by σ 38 are shown above the adhE P1 promoter. The transcription start points are yellow, the σ-dependent pause sites are light blue. Positions of additional pauses (+24, +31) on the ecnB promoter are shown in gray. The Cra and OmpR binding sites are indicated. (B) Analysis of σ 38 -dependent pausing on the ecnB P template. Transcription was performed on either wild type (WT) or +5G templates with wild-type, L117F and ∆3.2 σ 38 subunits, or the σ 70 subunit. Positions of the pause sites are indicated with arrows. The profiles of RNA products synthesized at the 1 min time point in σ 38 -containing reactions are shown at the left (normalized by the amounts of the RO transcript for comparison). The σ-dependent pause (σP) at positions +17/+18 is weakened in the case of the +5G template and the L117F σ 38 mutation but enhanced by the σ ∆3.2 mutation. Pauses at positions +24 and +31 are likely σ 38 -independent since their relative efficiencies are less strongly affected by the +5G substitution in the -10-like element and mutations in the σ 38 subunit. The σ 70 subunit poorly recognizes the ecnB promoter and does not reveal significant pausing at positions +17/+18. Figure S4 . Analysis of σ-dependent pausing on the adhE P1 template. (A) The adhE P1 sequence is shown on the top; the -10 and -10-like elements are pink and violet, respectively. The transcription start point is yellow, the pause site (+27, σP) is light blue. Analyzed substitutions in the pause-inducing sequence are shown above the sequence. Preferred positions of RNA cleavage in the paused complexes are indicated. The plot shows σ 38 -pause efficiencies for different template variants (WT, +8A, +9T, +11G), for the L117F mutant, and for the wild-type subunit in the presence of GreB (0.5, 1.5, 3 and 5 minutes time points; means and standard deviations from 2-3 independent experiments). The cumulative efficiency of pausing observed with the σ 70 subunit (sum of the bands observed around the expected pausing position; indicated on the right of the gel in C) is also shown. (B) RNA cleavage and extension in the paused TEC on the adhE P1 template. TECs obtained after 1.5 min transcription from the adhE P1 promoter (lane 1) were bound to Niagarose beads and washed 3 times with the transcription buffer containing 10 mM MgCl 2 (5 minutes in total), resulting in intrinsic cleavage of a major part of the paused RNA product (lane 2). GreB was added (1 µM), the samples were incubated at 37°C and the reaction was stopped after indicated time intervals (lanes 3-5). In lanes 6-9, the TECs obtained after RNA cleavage (lane 6) were supplemented with limited (lane 7,8) or full (lane 9) NTP sets, resulting in 'walking' of RNAP down to and through the pause site. The pausing position deduced from the 'walking' experiment precisely corresponds to the predicted pause at position +27 of the adhE P1 promoter. Asterisk indicates GreB-sensitive pause near the end of template. (C) Comparison of template specificities of the σ 38 and σ 70 subunits on the adhE P1 promoter. Lanes 1 and 3 show relative sizes of RNA products observed after transcription initiation with σ 38 and σ 70 (lane 2 shows products obtained with σ 38 in the presence of GreB for comparison). The position of the RO product is higher for the σ 70 subunit. Lanes 4-7 and 8-11 show RNA products obtained after transcription with σ 70 on the WT and +11G adhE P1 variants. Disperse RNA products around the +27 pause position disappear on the +11G template suggesting that they depend on the presence of the -10-like pause-inducing signal. (Ref. 42) . The -35 and -10 promoter elements are shown in yellow and red, respectively, the starting ponts of transcription are bold capitals. The predicted pause-inducing motifs are colored as follows: TG, green; C, turqoise; -10-like, violet. The adhE P1 and ecnB P promoters, in which we detected σ 38 -dependent pauses, are highlighted in blue; the glgS P1 and talA P2 promoters, in which no pauses were detected, are shown in gray.
